Objective: The aim of this study was to assess the mortality in hip fracture patients with regard to use of fall-risk-increasing drugs (FRIDs), by comparing survival in exposed and nonexposed individuals. Design: This was a general population-based cohort study. Settings: Data on hip fracture patients were retrieved from three national databases. Participants: All hip fracture patients aged 60 years or older in a Swedish county in 2006 participated in this study. Measurements: We studied the mortality in hip fracture patients by comparing those exposed to FRIDs, combinations of FRIDs, and polypharmacy to nonexposed patients, adjusting for age and sex. For survival estimates in patients using four or more FRIDs, a Cox regression analysis was used, adjusting for age, sex, and use of any four or more drugs. Results: First-year all-cause mortality was 24.6% (N=503) in 2,043 hip fracture patients aged 60 years or older, including 170 males (33.8%) and 333 females (66.2%). Patients prescribed four or more FRIDs, five or more drugs (polypharmacy), psychotropic drugs, and cardiovascular drugs showed significantly increased first-year mortality. Exposure to four or more FRIDs (518 patients, 25.4%) was associated with an increased mortality at 30 days with odds ratios (ORs) 2.01 (95% confidence interval [CI] 1.44-2.79), 90 days with OR 1.56 (95% CI 1.19-2.04), 180 days with OR 1.54 (95% CI 1.20-1.97), and 365 days with OR 1.43 (95% CI 1.13-1.80). Cox regression analyses adjusted for age, sex, and use of any four or more drugs showed a significantly higher mortality in patients treated with four or more FRIDs at 90 days (P=0.015) and 180 days (P=0.012) compared to patients treated with three or less FRIDs. Conclusion: First-year all-cause mortality was significantly higher in older hip fracture patients exposed before the fracture to FRIDs, in particular to four or more FRIDs, polypharmacy, psychotropic, and cardiovascular drugs. Interventions aiming to optimize both safety and benefit of drug treatment for older people should include limiting the use of FRIDs.
Introduction
Most industrialized countries are facing dramatic demographic changes in the near future, and an increasing aging population will have considerable impact on health care resources. 1, 2 Hip fractures are among the most serious injuries in older persons. Consequences of hip fractures are common with chronic pain, disability, increased need of support in daily activities, and increased morbidity and mortality. 3, 4 Hip fracture patients are in general old, aged more than 80 years, at the time of fracture and are burdened with comorbidity as well as treated with multiple medications. [5] [6] [7] Mortality is high among hip fracture patients, and few interventions have had significant preventive effects on this serious outcome. In comparison with other diagnoses, including cancer and myocardial infarction, mortality is higher among hip fracture patients undergoing fracture surgery. 8 Risk analyses are routinely carried out in modern health care units to identify older patients at risk of developing malnutrition, falls, pressure ulcers, and infections. Prophylactic interventions are then to be carried out in order to prevent these potentially avoidable complications. 9 Another prophylactic possibility is prescribing drugs for osteoporosis, which has been shown to have a favorable impact on decreasing both further fractures and mortality. 10 When caring for older patients, their use of medicines is an important factor causing both complications and adverse effects; however, so far, little has been done to optimize drug treatment in older patients with fractures. An earlier study by the authors on the same group of hip fracture patients showed little evidence of any interventions taken to discontinue or avoid use of fall-risk-increasing drugs (FRIDs). 6 On the contrary, use of FRIDs increased significantly after the fracture within all drug classes, except for anti-inflammatory drugs that decreased.
It is a difficult task to establish risks vs benefits from drug treatment in the elderly, but fall-risk issues seem too seldom to be in focus when physicians decide on prescribing medications. The challenges that we are facing now due to an increasingly aging population are overwhelming, but to maintain high quality in the care of the elderly, we must set as a first priority preventing the avoidable harm. In the older population, the risks associated with fractures after falls in connection with low-impact trauma and osteoporosis are well known and likely escalate with the use of certain types of drugs. 9 Medication reviews involving clinical pharmacists are available interventions to identify FRIDs and improve drug prescribing to older people. 11, 12 In this study, we intended to study the associations between older hip fracture patients' medication prior to fracture and first-year mortality aiming to identify the drugs and combinations of drugs that could be potentially unsafe.
Methods

study population
The method of acquiring data for this study has been described in detail in a previous study by the same authors. 6 This study included all individuals aged 60 years or older diagnosed with a hip fracture and with residency in Skane at the time of fracture. Skane is a county in Sweden with 1.29 million inhabitants and includes ~13% of the Swedish population.
Patients diagnosed with S72.00, S72.10, S72.11, S72.20, and S72.21, following the International Classification of Diseases, tenth revision, and registered in the administrative database (PASiS) mandatory for Swedish hospitals, from January 1, 2006 to December 31, 2006, were included, and none were excluded. Obtained participant data included date of admission, sex, age, type of fracture, length of in-hospital stay, and time of death during 1 year after admission to hospital. Hip fracture diagnosis, diagnosis of comorbidities, time of death, and prescribed pharmaceuticals were obtained from the Swedish National Board of Health and Welfare's national database of statistics. The unique civic number for all participants was replaced by a case number to anonymize individuals to the investigators.
Data were retrieved from three national databases, namely the Swedish National Patient Register for identifying patients with hip fracture diagnosed within the timeframe, the National Prescription Database for information on drugs prescribed and purchased by the patients during 6 months before the fracture, and the National Cause of Death Register for time of death.
In the National Prescription Database, all prescribed and dispensed drugs must be registered by law, and it covers recipes from physicians in hospitals, outdoor clinics, and general practitioner offices and medications used in most nursing homes. Use of a drug was reported when it had been dispensed once or more during the time limits. Drugs that increase the risk of falls were identified in a previous study from 2011 6 and classified according to the World Health Organization's Anatomical Therapeutic Chemical Classification System into the following drug classes: psychotropic (including sedative/hypnotic, antidepressive, antipsychotic [excluding lithium], and benzodiazepine), cardiovascular (excluding lipid-lowering drugs), anticholinergic, antiepileptic, antiparkinson, and opioids. In addition, combinations of drugs were studied: one, two, three and four or more FRIDs, five or more drugs (polypharmacy), ten or more drugs (major polypharmacy), and the combined use of three or more psychotropic drugs. The analyses also included prophylactic treatment for osteoporosis with oral bisphosphonates and calcium and vitamin D supplements.
The regional research ethics board of Lund University approved this study. Since all data was anonymized by the Swedish National Board of Health and Welfare, patient consent was ensured by advertising in a daily newspaper commonly read within the county. Thus giving participating individuals the possibility to contact the study team for more information. 
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All analyses were performed using the Statistical Package for the Social Sciences Version 21.0 and were two sided, with a P-value of ,0.05 regarded as statistically significant. Associations between baseline differences were analyzed using Student's t-test or χ 2 test. A Cox survival model was used to estimate survival in patients treated with four or more FRIDs compared to those treated with three or less FRIDs. In the regression analyses, adjustment was carried out for age, sex, and use of any kind of four or more drugs (including FRIDs), the categorical variables being age and four or more FRIDs. We analyzed the short-term mortality in the patients, which we set up as 6 months postfracture.
We adjusted for variations in mortality due to differences in age and sex using binary logistic regression. All odds ratios (ORs) for death were adjusted for age and sex. We present 95% confidence interval (CI) as a measure of precision for the differences in mortality.
Results
Patients and mortality
A total of 2,043 hip fracture patients aged 60 years or older admitted to trauma-care hospitals in the Swedish county between January 1, 2006 and December 31, 2006 were included, and none were excluded (Table 1 ). In 2006, ~18,000 hip fractures (all ages) occurred in Sweden, and this study encloses ~11% of them. Women constituted 73.6% and men constituted 26.4% of the population, and the mean age was 83 years. Male patients were younger than female patients, with an average difference of 2.8 years. Significant differences in mortality due to age and sex were present. We found that men had a higher short-term and 1-year mortality compared to women. Data on comorbidities were obtained, but since two large hospitals did not register other diagnoses, except for the hip fracture, these data were not included in the analysis. A total of 503 patients died (24.6%) within the first year after the hip fracture, 173 patients died (8.5%) after 30 days, 304 patients died (14.9%) after 90 days, and 389 patients died (19.0%) after 180 days.
Drug exposure and mortality
Treatment with psychotropic drugs, cardiovascular drugs, and five or more drugs was frequent, and 45.4%, 43.8%, and 48.5% of the patients, respectively, were exposed 6 months prior to the fracture (Table 2) .
When studying patients treated with four or more FRIDs, adjusting for age and sex, a statistically significant increase in deaths for those exposed was seen during the first-year postfracture at all measured time intervals. Exposure to four or more FRIDs (518 patients, 25.4%) was associated with an increased mortality at 30 days with OR 2.01 (95% CI A possible connection between death and drug treatment was also shown in patients exposed to ten or more drugs with OR ranging from 1.72 to 1.62 from 90 to 365 days. For those exposed to any psychotropic drug (928 patients, 45.4%), mortality increased significantly at 90 days and 365 days with OR 1.30 (95% CI 1.02-1.67) and OR 1.33 (95% CI 1.08-1.63), respectively. However, combined treatment with three or more different psychotropic drugs did not show increased mortality in the 242 (11.8%) patients exposed compared to patients not treated with the combination of three or more psychotropic agents. 
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Significantly increased risk of death during the firstyear postfracture was also seen in patients treated with cardiovascular drugs and opioids. Participants exposed to cardiovascular drugs had significantly increased mortality during 1 year after fracture compared to those not exposed (Table 2) , with OR ranging from 1.67 to 1.43 from 30 to 365 days, also adjusting for age and sex.
Treatment with bone-active drugs, such as oral bisphosphonates and calcium with vitamin D supplements, showed no connection to divergent risks of death.
survival estimates
Using a Cox regression survival model to the short-term survival, at 90 days and 180 days, when adjusted for age, sex, and treatment with any four or more drugs (including FRIDs), we could show a significant decrease in survival in patients treated with four or more FRIDs, P=0.015 (90 days) and P=0.012 (180 days), compared to patients treated with three or less FRIDs ( Figure 1A and B) .
Discussion
In this study, we have found a possible association between increased mortality and use of FRIDs and drug combinations used prior to the fracture event in older hip fracture patients. Patients exposed to medication with four or more FRIDs, polypharmacy (five or more and ten or more drugs), and cardiovascular drugs, and to some extent opioids and psychotropic drugs, showed increased mortality during 1 year after the hip fracture compared to those not exposed. The combination of four or more FRIDs shows up to twofold increased mortality in exposed patients. At 90 days and 180 days postfracture, patients treated with four or more FRIDs had a significantly lower survival rate than patients treated with three or less FRIDs when adjusted for age, sex, and use of four or more of any kind of drugs. When considering drug treatment to older persons, it is important to avoid FRIDs whenever possible, especially combinations of FRIDs.
The advantages of this study are that all older patients suffering from a hip fracture in the general population in one of the larger counties in Sweden are included and none were excluded. The population within the county resides in both urban and rural areas, all emergency hospitals in the region are included, and the diagnostic accuracy on fractures is very precise. Furthermore, data from the national databases cover reliably all fractured patients. In the National Prescription Database, all prescribed and dispensed drugs are registered, and it holds prescriptions from physicians in hospitals, outdoor clinics, and general practitioner offices and most medications used in nursing homes, thus minimizing an underestimation of prescribed drugs. At the time of data collection, 2005-2007, the amount of drugs sold on the Internet was low and nearly nonexistent in the generation involved in this study. However, even if the preciseness of purchases of drugs is high, the knowledge of whether the drugs are consumed or not is lacking. Even so, in our earlier study, we could conclude that the majority of our patients continued getting new recipes and buying the same prescribed drugs 6 months after the fracture, which suggests that the drugs were used. 6 Since we used prescriptions purchased 6 months 
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Kragh ekstam and elmståhl before the fracture, there is not likely any risk of differential misclassification. The disadvantages of this study are the lack of information on over-the-counter drugs, comorbidities, and prefracture conditions in the patients. In addition, other factors of importance to mortality in hip fracture patients such as time to surgery, residency before hip fracture, and postoperative complications were not included; however, this was beyond the scope of this register study mainly due to the shortage of available data.
Our results concerning the mortality rates are consistent with other studies on mortality in hip fracture patients both nationally and internationally. 4, 5, 7, 8, 13 In a study by Kannegaard et al 14 on hip fracture patients, they found an excess mortality in men, despite males being younger, and an increased cumulative 1-year mortality compared to the general population in both men and women. As mortality is higher in men and since mean age was higher among women in our study, separate analyses on sex differences were conducted.
Included in FRIDs are medicines used for treating cardiovascular diseases that in themselves are a marker of harmful and potentially lethal conditions. Even so, the higher mortality rate in patients treated with cardiovascular drugs did not exceed the twofold increase shown at 30 days when treating patients with four or more FRIDs, OR 1.67 vs 2.01 within 30 days and OR 1.43 vs 1.43 within 1 year. The connection between excess mortality after hip fracture and cardiovascular disease has been shown in a study by Roche et al. 15 Our study will not allow for specific interpretation of drug morbidity cause-effect associations. The noted higher mortality associated with cardiovascular drugs could be attributed to the underlying disease but also to the well-known drug related-adverse events, such as hypotension, fatigue, and fall-risk-induced effects associated with mortality. Causes of mortality in older persons are often multifactorial, and organ functions decline with age. This leads to a higher susceptibility to stress such as surgery and hip fracture. Therefore, it is important to study the use of drugs, such as FRIDs, before an event, since besides increasing the risk of fracture; it is also associated with short-term mortality (30-180 days). A case-control study of hip fracture patients noted an increased 9 months' mortality, especially related to cardiovascular death. 16 Although the increased risk of death after a hip fracture is well studied and documented, the long-term effects of possible causes, such as drug consumption, are not. The intake of FRIDs is indicated by the combination of different types of comorbidities.
The collinearity between drug consumption and morbidity will not enable to disentangle the cause-effect relationship between these components, but this was not the aim of this study and would require a substantially larger study setting. On the other hand, the analysis of a specific drug will not reveal the combined effect of comorbidities and intake of several FRIDs. The strength of this study was the information on drug consumption before the hip fracture occurred, since substantial changes in prescriptions might take place during hospitalization that would confound the analyses.
Besides usage of cardiovascular drugs, treatment with any psychotropic drug also has a negative impact on survival rate. Even though in this study we did not reach full statistical significance, a trend can be perceived in increased mortality in patients using benzodiazepines, which are not often used for treating harmful diseases. 17 However, we did not observe that a combined treatment with three or more psychotropic drugs in the patients did have any significant association with increased risk of death. Even though this has not been further studied here, one explanation could be that the presence of more severe psychiatric diseases gives the combined treatment more benefits to the patients. As in this study population we were unable to analyze comorbidities, we can only conclude that polypharmacy in itself (48.5% treated with five or more drugs) often reflects multimorbidity in hip fracture patients. In a study by Roche et al, 15 it was shown that the presence of three or more comorbidities was the strongest independent risk factor for increased mortality in older hip fracture patients. With regard to potentially lethal conditions, such as cancer, only 3.2% of our patients were treated with cytostatic drugs for these conditions. Polypharmacy (five or more drugs) and major polypharmacy (ten or more drugs) have earlier been shown to increase both morbidity and mortality in patients with varying diseases. [18] [19] [20] [21] Here, we found a substantially increased risk of death in patients using five or more drugs (OR 1.62 [95% CI 1.17-2.24] within 30 days and a 50% increase in odds of mortality within a year, OR 1.50 [95% CI 1.21-1.85]). Even though multimedication is a sign of multiple comorbidities and sickness, we could show that combining four or more FRIDs had a significantly higher negative impact on survival in our patients. Earlier studies have shown that it is feasible to reduce drug use in older patients through medication reviews and thus lessen the adverse events due to interactions and adverse reactions. 11, 12, 21 When performing medication reviews, we suggest that besides prescribing the lowest effective doses of FRIDs, ending and avoiding treatment with FRIDs should also be highly prioritized. 
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Fall risk, drugs, and mortality in hip fracture patients tool to alert doctors to right treatment, and screening tool of older persons' potentially inappropriate prescriptions, can also be used in improving drug treatment in older people. 23, 24 In addition, the assistance of clinical pharmacists in treating these complex patients should be considered. Even though we could not show it in our study, osteoporosis is a major issue in hip fracture patients, and it is important to identify individuals at risk and treat them according to recommendations. 7 It is necessary to start a closer collaboration between general practitioners, geriatricians, and orthopedic surgeons in order to maximize the safety and benefit of drug treatment in older hip fracture patients by focusing on FRIDs.
Conclusion
First-year all-cause mortality was significantly increased in older hip fracture patients exposed to FRIDs before the fracture, especially to four or more FRIDs, polypharmacy, and psychotropic and cardiovascular drugs. To optimize the benefit and safety of drug treatment in older people, attention should be given on limiting the use of FRIDs and treating osteoporosis. Medication reviews are one way of achieving this goal.
